Abstract -The addition of a Grignard reagent to both enantiomeric N-tert-butanesulfinyl imines derived from 3-(2-bromophenyl)propanal 8 proceeded with high diastereoselectivity. The resulting sulfinamides 9 and 12 were easily transformed into tetrahydroquinoline alkaloids (-)-angustureine (4) 
INTRODUCTION
The enantioselective synthesis of 2-substituted tetrahydroquinolines has attracted much attention among organic chemists because they are widespread subunits in natural alkaloids and pharmaceuticals as well.
For instance, simple synthetic 1,2,3,4-tetrahydroquinolines with interesting biological properties includes oxamniquine (1) , which has been used to combat parasitic disease schistosomiasis, electrophiles, we envisioned a straightforward synthesis of (-)-angustureine (4) and (-)-cuspareine (5), based on the diastereoselective addition of Grignard reagents to these chiral imines, 9 which have found high applicability in synthesis because both enantiomers are accessible in large-scale processes 10 and because the chiral auxiliary is easily removed under acidic conditions. In addition, practical processes for recycling the tert-butanesulfinyl group upon deprotection of N-tert-butanesulfinyl amines have also been reported. 11 In our synthetic strategy, a palladium-catalyzed intramolecular N-arylation will be also involved (Scheme 1). Scheme 1.
RESULTS AND DISCUSSION
As depicted in Scheme 1, our synthesis commenced with the diastereoselective addition of the corresponding Grignard reagent to (E)-N- [3-(2-bromophenyl) propylydene]-tert-butanesulfinamide (8).
Chiral imines 8 were easily accessible from the corresponding tert-butanesulfinamide and 3-(2-bromophenyl)pronenal (obtained from commercially available 1,2-bromoiodobenzene and allylic alcohol through a type-Heck coupling reaction). 12 Ellman and co-workers reported for the first time the addition of Grignard reagents to N-tert-butanesulfinyl aldimines.
solvent effect on the stereoselectivity of the addition, no coordinating solvents, such as dichloromethane, leading to the best results. 14 In addition, and considering the configuration of the resulting diastereomers, a chelated transition state I was proposed, which was also consistent with the observed solvent effect (competitive coordination of ethereal solvents such as THF would interfere with the formation of the six-membered-ring transition state). According to this model, the attack of the Grignard reagent occurred on the Re face of the imine with the S configuration at the sulfur atom (Scheme 2). For that reason, we studied first the addition of 1M solution of pentylmagnesium bromide in ether to the imine (S)-8 in different solvents (Scheme 2). The addition was carried out at -78 ºC, and after that the reaction mixture was allowed to reach room temperature. The highest diastereoselectivity was obtained performing the reaction in toluene (94:6 dr), although similar levels of diastereocontrol were achieved using dichloromethane and diethyl ether (92:8 and 93:7 dr, respectively). As it could be anticipated, the lowest diastereoselectivity was reached in THF as solvent. The diastereomeric ratios were easily determined by 1 H-NMR analysis of the crude reaction mixtures through the comparison of the integrals of the t-Bu group and the N-H for each of the diastereoisomer (the largest chemical shift difference was always observed for the diastereomeric signals of the N-H). In all cases complete conversion was observed using two equivalents of the Grignard reagent, giving rise to the expected product 9 with R configuration at the newly created stereogenic center (Scheme 2). Free amine 10 was generated in quantitative yield from sulfinamide 9 upon reaction with 6M HCl in THF at room temperature. Intramolecular N-arylation to produce the tetrahydroquinoline derivative 11 was achieved in 81% yield under palladium catalysis, using Cs 2 CO 3 as a base in toluene in a high pressure tube at 115 ºC for 20 hours. 12, 15 Finally, N-methylation of 11 was achieved with paraformaldehyde and sodium cyanoborohydride leading to (-)-angustureine (4) in 82% yield (Scheme 3).
Scheme 3.
The same strategy was applied to the synthesis of (-)-cuspareine ( 
(3R,S S )-N-(tert-Butanesulfinyl)-1-(2-bromophenyl)octan-3-amine (9).-To solution of aldimine (S)-8
(322 mg, 1.0 mmol) in dry toluene (4 mL) was added dropwise a 1M solution of pentylmagnesium bromide in diethyl ether (2.0 mmol, 2.0 mL) at -78 ºC. The reaction was allowed to reach room temperature and after 4 h, it was cooled down to 0 ºC, hydrolyzed with water (5 mL) and extracted with EtOAc (4 × 15 mL). The organic layers were successively washed with water (15 mL), brine (10 mL) and then dried over magnesium sulfate and concentrate under vacuum (15 Torr (3R)-1-(2-Bromophenyl)octan-3-amine (10).-To solution of sulfinamide 9 (245 mg, 0.63 mmol) in THF (1.5 mL) was added dropwise a 6M solution of HCl (0.6 mmol, 0.10 mL) at 0 ºC. The reaction mixture was stirred at 20 ºC for 1 h. Then it was cooled down to 0 ºC and basified with 2M NaOH (1.0 mmol, 0.5 mL).
The reaction mixture was extracted with EtOAc (3 × 15 mL), dried over magnesium sulfate, filtered through a short pad of Celite and concentrated under vacuum (15 Torr) 
(-)-Angustureine [(R)-1-Methyl-2-pentyltetrahydroquinoline (4)].-To a solution of tetrahydroquinoline
11 (36 mg, 0.18 mmol) in acetonitrile (2 mL) in a 10 mL round-botton flask was successively added paraformaldehyde (27 mg, 0.9 mmol), NaBH 3 CN (38 mg, 0.6 mmol) and acetic acid (0.034 mL, 0.6 mmol).
The reaction mixture was stirred at 20 ºC for 15 h, then hydrolyzed with 2M NaOH (10.0 mmol, 5 mL), and extracted with EtOAc (4 × 15 mL). The organic layers were washed with brine (15 mL), then dried over magnesium sulfate, and concentrate under vacuum (15 Torr 
(3S,R S )-N-(tert-Butanesulfinyl)-1-(2-bromophenyl)-5-(3,4-dimethoxyphenyl)pentan-3-amine (12).-
To solution of aldimine (R)-8 (632 mg, 2.0 mmol) in dry toluene (8 mL) was added dropwise a 0.5M solution of 2-(3,4-dimethoxyphenyl)ethylmagnesium bromide in THF (3.0 mmol, 6.0 mL) at -78 ºC. The reaction was allowed to reach room temperature and after 4 h, it was cooled down to 0 ºC and hydrolyzed with water (5 mL), and extracted with EtOAc (4 × 15 mL). The organic layers were successively washed with water (15 mL), brine (10 mL) and then dried over magnesium sulfate and concentrate under vacuum (15 Torr 
(3S)-1-(2-Bromophenyl)-5-(3,4-dimethoxyphenyl)pentan-3-amine (13).-To solution of sulfinamide 12
(177 mg, 0.367 mmol) in THF (1.5 mL) was added dropwise a 6M solution of HCl (0.6 mmol, 0.10 mL) at 0 ºC. The reaction mixture was stirred at 20 ºC for 1 h. Then it was cooled down to 0 ºC and basified with 2M NaOH (1.0 mmol, 0.5 mL). The reaction mixture was extracted with EtOAc (3 × 15 mL), dried over magnesium sulfate, filtered through a short pad of Celite, and concentrated under vacuum (15 Torr) 
